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Abstract 

For the first time, ultra-low temperature ALD SiQ> 
is successfully developed and applied on W/WN/poly-Si 
stack gate as a dual spacer for the enhancement of data 
retention time. ALD SiO> deposition is performed at 
75 using HCD and H£> as precursors and pyridine as 
a catalyst. Using ALD SiO* process, Sid layer is 
deposited on W/WN/poly-Si stack gate without W 
oxidation. The gate resistances of W/WN/poty-Si stack 
gate do not exhibit any difference between SiN single 
spacer and SiOi/SiN dual spacer schemes, which 
indicates that W oxidation does not occur during the 
ALD SiOfc deposition for the formation of dual spacer. 
Conclusively, the significant improvemertt(>50%) of data 
retention time is achieved by employing SiCVSiN dual 
spacer at W/WN/poly-Si stack gate in IJOrtm DRAM 
device. In addition, excellent short Channel 
characteristics of Vth is identiried by applying low 
temperature ALD SiO> layer as a dual spacer on 
sub-100rtm SRAM device. 



As the minimum feature size of DRAM is decreased 
below IDOnm, W/WN/poly-Si stack gate should be 
adopted to reduce the word line resistance and the gate 
stack height at the same timc[1] In WSix gate, it is 
known that SiCVSiN dual Spacer scheme results in 
better data retention characteristics hi DRAM. The 
nriprovcment of data retention time using dual spacer is 
mainly due to the minimization of dry etch damage 
during SjN spacer formation. W/WN/poly-Si stack gate, 
however, can not employ the dual spacer scheme due to 
the severe oxidation of W during high temperature CVD 
(HT-CVD) oxide deposition. In this Study, we 
successfully developed atomic layer deposit ion( ALD) 
technique for Sid deposition at tow temperature. 
Furthermore, we firstly applied ALD SiOi layer on 



W/WN/poly-Si stack gate as a dual spacer without W 
oxidation and analyzed data re ten t i on characteristics as 
well as transistor characteristics. 

Results and Discussions 

/. Mass-Productive ALD SKh Proem 

Fig, t shows the gas flow sequence of ALD SrO, 
process based on pyridine catalyzed SiCU(TCS) + HrO 
- SrOi + HO reaction.(2,3] The pyridine catalyst 
remarkably lowers a deposition temperature from >600K 
to room temperature. In our study, however, it is 
found that TCS based ALD SiQ. process is not very 
satisfactory for device application due to low throughput 
and poor SiO> film quality. To overcome the 
drawbacks of TCS based ALD Sid process, we firstly 
examined SUCL(HCD) as a silicon precursor instead of 
TCS, III feet, HCD precursor shows a superior 
deposition rate as compared to TCS precursor.(Fig. 2) 
Furthermore, HCD based ALD SiQ, film exhibits higher 
wet etch resistance than TCS based ALD SiOs film. (Fig. 
3) Table 1 summarizes the basic properties of ALD 
SiQ, process with HCD as a silicon precursor. The 
optimized process condition yields U5 A/cycle deposition 
rate, <\% film uniformity, and excellent characteristics 
of process repeatability. The low level of film particle 
is also accomplished between in-situ chamber cleaning. 

2. Properties of ALD SfOt 

Generally, SiQ, film deposited at low 
contains considerable amount of -OH group 
degrades film properties. In this experiment, FT-IR 
and AES analyses are performed to evaluate the HCD 
based ALD SiO> film with post annealing. FT-IR and 
AES analyses shown m Fig. 4, 5 strongly suggest that 
HCD based ALD SiQ* film is completely transformed to 
stoichiometric SiQ film after post annealing at 70Qt> 
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for lnrin. Moreover, it is confirmed that the impurity 
levels of C and CI are below detection limit in AES 
spectra. As shown in Fig. 6, the deposited film 
thickness of AID SiOi shows a good linearity with the 
number or process cycles. The surfece RMS roughness 
measured by atomic force mtcroscopy(AFM) indicates 
that ALD Sid yields much smoother surface than 
HT-CVD oxide even at thicker film.(Pig. 7) bi 
addition, ALD SKD, film exhibits the excellent 
sttp-coverage<over 95%) with no pattern loading 
eflect.(Fig. 8). It is also confirmed mat the electrical 
property of ALD SiO» evaluated by SIS capacitor 
structure is comparable with that of HT-CVD oxide as 
shown in Fig. 9. 

J. ALDSSOi as a Duo! Spacer at Metal Gate in DRAM 

In general, dry etch damage induces defect-assisted 
junction leakage current and results in poor 
characteristics of data retention' rime in DRAM cell. 
To imnimiae the dry etch damage during the spacer 
formation, oxide buffer layer is added as a etch 
stopping layer prior to SiN depceStioru(Fig. 10) tn feet, 
StO/SiN dual spacer scheme has a strong advantage 
over SiN single spacer for the enhancement of data 
retention time. Fig. li shows vertical structures of 
W/WWpory-Si stack gate covered by HT-CVD oxide 
and ALD Sid for tire formation of SKVSiN dual 
spacer. As shown in Fig II* W word line was 
severely oxidized during HT-CVD oxide process, while 
SiO/SiN dual spaceT is successfully formed by ALD 
SiO* process. Tn Fig. 12, the word line resistance of 
I76K cell array with ALD SKVSiN dual spacer is 
identical to that with SiN single spacer* which strongly 
suggests no oxidation of W during the ALD SiO> 
process. Shown tn Fig, 13 is. the remain oxide 
thickness on S/D region in DRAM cell after SiN spacer 
etch back process. As expected, the sample with 
SiQ/SiN dual spacer results in better controllability of 
thickness and thickness uniformity of remain oxide after 
SiN etch back. As a result, the single bit fait counts 
in Fig. 14, which is caused by poor data retention 
characteristics, are dramatically improved using ALD 
SiCVSiN dual spacer as co mpar ed to that of SiN single 
spacer. Fig. 15 shows single bH fail counts related to 
refresh time. The data retention time shows the 
substantial difference between dual spacer and single 
spacer schemes. In fact, more than 50% improvement 
of data retention time is achieved using ALD SKVSiN 
dual spacer on W/WN/poly-Si stack gate. These 
superior characteristics of data retention time using dual 
spacer on metal gate are very promising for the 
febri cation of next generation high performance DRAM 
device. 



* Another pmmbtag Application of ALD SiO, 

In high performance logic or SRAM devices, one 
of the most critical issues is the high thermal budget 
after channel and LDD implantations since it 
cVtcnorates short channel characteristics. The low 
temperature ALD SiO, layer is applied to poly-Si gate 
as a dual spacer on sub lOOnm SRAM device. As 
shown in Fig 16, excellent short channel characteristics 
of Vth is identified by simply replacing HT-CVD oxide 
with ALD Si0 3 in dual spacer. Furthermore, drain 
induced barrier lowering(DIBL) characteristics in Fig. 17 
are improved using ALD SiOj dual spacer. The 
overlap capacitance of ALD SiOi group is also smaller 
than that of HT-CVD oxide goup as shown in Fig. IS. 
Conclusively* low temperature ALD SiO» process can 
give a larger process window for the fabrication of sub 
lOOnm high performance logic or SRAM devices. 

Conetefon 

For the first time* rnflss-productive ultra-low 
temperature ALD SiOj process is successfully developed 
using HCD and HiO as "precursors and pyridine as a 
catalyst. By applying ultra-low temperature ALD SiO* 
process for dual spacer, the significant improvement of 
data retention time is achieved at WAVN/pory-Si stack 
gate in BQnm DRAM device. It is also suggested (hat. 
ALD SiO* process is very effective to retard SCE in 
CMOSFETs. 



11} S. Choi et. oJ., "Highly maairfachtrtbte Sub-IOOnm DRAM 
integrated wife full Rind tonality," 2002 Syrup, of VLSI TccIl, p34. 
2001 

\2] J. W. Klaus , cL at, "Atomic by or deposition of SKX using 
cufcjywd ft*d w*tfliy**» self-limiting surface reactions," S*»r&e* 
Review & Lot., *, p43S« fW 

|3) w. Kim, et Xiowth of SJQ> at room t em pew tw r e wifr 
fhe use of catalyzed sequential htK^resclioRs/ Science, 271, p19H 
1997 
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propertied of ALO SiQ> process 



Deposition Rate 


USA/cycle 


Wet Etch Rate 
after 700 tJ, lmin. anneal 


30A/min. in 200:1 HF 


Particles X)A6tm size 


<25 adders 


Uniformity (laigma) 


< 1% within wafer 


< 1% in batch 


< 1% lot to lot 
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Fig, 1 0 Schematic diagrams of WWN/poi^S* gate structure 
(a^SJNslngTe spacer (b) SKVS* dual spacer 
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